It has hitherto been believed that the antitoxic immunity is established by the circulating antitoxin and that the allergy is caused by antigen antibody reaction in the tissues.
However, there are some findings which can not be explained by this thesis.
For example, as reported by Kurokawa et al. (1951) , the neutralizing capacity of the immunized guinea pigs to the toxin injected intracutaneously could not be explained by the circulating antitoxin alone. Moreover, the ratio of the tissue antitoxin concentration to the circulating antitoxin concentration is different depending on the period after immunization and the neutralization index parallels with the ratio of tissue antitoxin/circulating antitoxin (Ishinaka et al., 1955) .
This finding implies that tissue antitoxin plays an important role in Schick reaction.
But, the dosis of antitoxin extracted from the skin of immunized guinea pigs was relatively little as compared with the neutralizing activity of the guinea pigs to the toxin injected intracutaneously. Therefore, it is doubtful that the toxin injected intracutaneously is neutralized with the tissue antitoxin alone. In the present study, homologous and heterologous antitoxins were used for passive immunization and the relation between the degree of immunity, determined by Schick test and the concentration of tissue-antitoxin was studied. As the results, the significance of allergic reaction on the neutralization of toxin in the tissues was clarified.
MATERIALS AND METHODS
The antitoxins used for passive immunization of guinea pigs were as follows: (Ishizaka, 1955 titer of Q.S.T., 1 hour after immunization, was 0.0125Lf, though the circulating antitoxin titer was 1 to 1.5 units/cc.
While, 24 hours after immunization, titer of Q.S.T. increased to 0.1 to 0.2LR in spite of the decreased circulating antitoxin titer.
In other words, the neutralization index increased rapidly in 24 hours by 13 times.
( Table 1A) . Such finding implies that the tissue antitoxin plays an important role in the neutralization of toxin injected intracutaneously. On the other hand, when equine antitoxin was used for passive immunization, the titer of Q.S.T., 1 hour after immunization, was comparable with the titer in the guinea pigs immunized with guinea pig antitoxin.
In those guinea pigs, however, the titer of Q.S.T. did not increase after 24 hours and the increase of the neutralization index was only about 2.5 times (Table 1B) .
Secondly, guinea pigs were immunized with 4 kinds of antitoxin and Q.S.T.
was carried out 24 hours later. The results were shown in Table 2 . From this table it is clear that the neutralization index is high when guinea pigs were immunized with guinea pig antitoxin or rabbit antitoxin and that the neutralization index is low when either the equine antitoxin or equine antitoxin digested was used. As for the rabbit antitoxin digested, the titer of Q.S.T. was low in spite of high neutralization index.
The reason of which would be the rapid disappearance rate of the antitoxin from the circulation as will be described below. At any rate, the tolerance of guinea pigs to the toxin injected intracutaneously is different depending not only on the dosis of antitoxin used for immunization but also on its property.
2. Sensitizing Activity of Various Antitoxin.
As reported previously, the toxin anaphylaxis in vitro was observed in the guinea pigs immunized passively with guinea pig antitoxic serum (Ishizaka et al., 1953) or rabbit antitoxic serum (Ishizaka, 1955) . On the contrary, either equine antitoxic serum or equine antitoxin digested has no sensitizing activity.
The sensitizing activity of rabbit antitoxin digested was very weak as compared with rabbit antitoxic serum (Ishizaka, 1955) .
In the present experiment, the sensitizing activities of these antitoxins were compared with each other in the allergic skin-reaction. Guinea pigs were sensitized with adequate dosage of these antitoxins and 24 hours later, 0.1 cc of purified toxoid, variously diluted, was injected intracutaneously on one side of their back. At the same time, Q.S.T. was carried out on the other side of their back.
The circulating antitoxin titer was also determined.
The results obtained were shown in Table  3 . Namely, skin reaction was positive when guinea pig antitoxin or rabbit antitoxin was used. But it was negative when equine antitoxic serum or purified equine antitoxin was used though the titer of Q.S.T. were comparable in these uses.
In other words, the intensity of toxin antitoxin reaction in the skin seemed to be comparable in these cases.
The allergic reaction was observed in ANAPHYLAXIS  AND  IMMUNITY,  III   347 every cases, excepting a case the equine antitoxin reacted with toxoid. Such difference of sensitizing activity depending on the property of antitoxin was also observed in Prausnitz-Kiistner's reaction. Guinea pigs were given intracutaneous injections each of 0.1 cc of antitoxin. After 30 minutes to 24 hours, 0.1 cc of purified toxoid was injected into the sites prepared for this purpose. Allergic reaction was observed only in the guinea pigs sensitized with guinea pig antitoxin or rabbit antitoxin (Table 4) . Moreover, corresponding results were observed when these antitoxin was injected after the injection of toxoid.
The results obtained with the rabbit antitoxin digested was a little different.
In this case, positive reaction was observed when the toxoid was injected 30 minutes after antitoxin injection.
While, the reaction was negative, when the toxoid was injected 18 hours after antitoxin injection.
Similar results were reported by Kuhns and Pappenheimer (1952) using non-sensitizing human rdiphtheria antitoxin. It seems that the rapid disappearing rate of rabbit antitoxin digested would have some connection with the results. In short, both the immunizing activity and the sensitizing activity of antitoxin are different depending on the property of antitoxin used. Moreover, the neutralization index is generally high when the antitoxin having sensitizing activity is used for immunization.
Disappearance
Rate of Antitoxin from the Circulation and the Concentration of Tissue Antitoxin.
As described above, the tissue antitoxin seems to play an important role in the neutralization of toxin injected intracutaneously. Moreover, the neutralizing iactivity of the toxin injected intracutaneously was different depending on the property of antitoxin used for immunization. In this connection, it was examined that whether or not the disappearance rate of antitoxins from the circulation as well as the concentration of tissue antitoxin 24 hours after immunization are divergent depending on the property of antitoxin used for immunization. The disappearance rate of antitoxin following intravenous injection of various anti- While the disappearance rate of equine antitoxin digested was a little earlier than the native one and the elimination of rabbit antitoxin digested was very rapid.
The rate of the disappearance of I131-labeled gamma globulin agrees almost exactly with that of passively administered antitoxin (Fig. 2) . These findings are in accordance with the results obtained by Talmage et. al. (1951) .
In the next place, these antitoxins were used for immunization and 24 hours later, tissue antitoxin was extracted from the skin.
As shown in Table 5 , the ratio of the tissue antitoxin to the circulating antitoxin was the same being independent on the properties of antitoxin used. Moreover, the concentration of tissue antitoxin was only 2 to 4 % of the circulating antitoxin concentration. In other words, the concentration of tissue antitoxin was too low as compared with the neutralization index. Because, the neutralization index of the guinea pigs immunized with guinea pig antitoxic serum was more than 0.1. If the toxin injected intracutaneously should be neutralized in the injected region (0 .2 to 0.3 g of the skin), the concentration of tissue antitoxin should be 30 to 50% of the circulating antitoxin concentration.
But, in order to clarify the relation between the titer of Q.S.T. and the tissue antitoxin concentration , it must be confirmed that the most tissue antitoxin was extracted by our procedure . I131- Table  6 . Concentration of I131-ƒÁ-globulin in the skin skin, was only 3-4% of that in the serum. This value is too small as compared with the neutralizing activity to the toxin injected intracutaneously though it was a little higher than the concentration of tissue antitoxin extracted (Table 6 ).
Rate of Diphtheria Toxoid from the Injected Region.
From the above described findings, either the disappearance rate of toxoid injected intracutaneously or the concentration of antitoxin in the region following the injection of toxin should be different depending on the property of antitoxin used for immunization.
Since otherwise, the difference of the neutralization index described above would not be explained. In this connection, diphtheria toxoid (Purity: 0.00057 mg N/Lf) labeled with I131 was injected intracutaneously to guinea pigs immunized and the disappearance rate of toxoid from the injected region was pursued.
Namely, two groups of guinea pigs were immunized passively with 100 units of guinea pig antitoxin and 550 units of equine antitoxin respectively.
After 24 hours, the circulating antitoxin titers were determined.
Some of these groups were injected intracutaneously with toxin and the titer of Q.S.T. was determined.
It was 0.1 to 0.2 LR in all animals.
Then, another guinea pigs of these groups received 4 intracutaneous injections, 0.1 cc (0.3Lf) of each, of the I131-labeled toxoid.
After varying intervals, each region was removed in turn and its radioactivity was determined. The disappearance rate of toxoid was calculated from their radioactivity. As shown in Fig. 3 , the disappearance rate of toxoid was independent on the property of antitoxin used. Even when the labeled toxoid was injected intracutaneously to normal guinea pigs, the disappearance rate of the toxoid was similar to the one observed in immunized guinea pigs.
In the next place, guinea pigs were immunized with three kinds of diphtheria toxoid (100 Lf of plain toxoid, 30 Lf of alum-precipitated toxoid, 30 Lf of toxoid mixed with Freund's adjuvant). After 4 weeks, their circulating antitoxin titers were determined to be 2 to 4 units per cc. Q.S.T, was carried out in some guinea pigs of the three groups.
Its titer was 1 to 2 LR in every animal. Three Lf of labeled toxoid were injected intracutaneously to other immunized guinea pigs of each group and the disappearance rate of toxoid was determined. As shown in Fig. 4 , the disappearance rate of toxoid was scarecely influenced by the immunization. This time, Arthus reaction was not observed in passively immunized guinea pigs, however, it was observed in actively immunized ones. From these findings, it may safely be said that the disappearance rate of antigen from the region is not influenced either by the property of antitoxin used for passive immunization or the degree of immunity.
Accumulation of Antitoxin after the Injection of Toxin.
In the next place, change of antitoxin concentration in the region after the injection of toxoid was pursued.
In this experiment, guinea pigs were immunized with fly-globulin fraction of antitoxic sera labeled with I131. Twenty four hours later, these guinea pigs received 4 intracutaneous injections, 0.1 cc each, of purified toxoid. The dosage of toxoid injected was comparable to the titer of each animal.
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The concentration of antitoxin in the region was estimated by the radioactivity.
Namely, 24 hours after the injection of 32 units of guinea pig antitoxin, the circulating antitoxin titer and the titer of Q.S.T. were 0.60 to 0.66 units and 0.1 to 0.2 LR respectively. Then, another guinea pigs which had been immunized with the same dosage of the antitoxin was injected intracutaneously with 0.2 Lf of toxoid and the antitoxin concentration in the region immediately before and after the injection was determined from its radioactivity. Antitoxin concentration in the region, 5 minutes after the toxoid injection, was 0.06 units which was much higher as compared with 0.0078 units in a control site. In other words, antitoxin concentration in the region increased immediately after the injection of toxoid by 7 to 8 times (Fig. 5) . Thus, the disappearance curve of toxoid, shown in Fig. 3 , was introduced into Fig. 5 . The results obtained proved that the antitoxin concentration was almost comparable to the concentration of toxin in the region, when the dosis of toxin injected was corresponding to the titer of Q.S.T. (0.1 to 0.2 Lf).
On the other hand, guinea pigs were immunized with 80 units of equine antitoxin labeled with I131. Twenty four hours later, the titer of Q.S.T. was determined to be 0.05 to 0.08 LR. Then, 0.15 Lf of toxoid was injected intracutaneously to the guinea pigs immunized passively with the same dosis of labeled equine antitoxin and the concentration of antitoxin in the region was pursued. In this case, however, the concentration of antitoxin in the region scarecely increased by the injection of toxoid.
By the way, the concentration of antitoxin immediately before the toxin injection (0.003 to 0.0035 units) was almost comparable to the concentration of toxin in the region after its injection (Fig. 6) . Thirdly, guinea pigs were actively immunized with alum-precipitated toxoid. Four weeks later, these guinea pigs were injected intravenously with guinea pig antitoxin labeled with I131. Twenty four hours later, circulating antitoxin titer was determined to be 3 units/cc. 0.1 cc of toxoid (2 Lf), of which dosis is comparable to the titer of Q.S.T. (2 LR), was injected intracutaneously. The antitoxin concentration in the region was estimated from the radioactivity. As shown in Fig. 7 , the increase of antitoxin concentration in the region was observed immediately after the injection of toxoid.
Moreover, the tissue antitoxin was kept at a higher level for a long time as compared with the one observed in passively immunized guinea pigs.
In this case, however, units of antitoxin in the region, 30 minutes after the toxoid injection, was about 0.3 units and much less than the concentration of toxoid in the region. Because the concentration of toxoid in the region, 30 minutes after the injection, was assumed.
to be 0.45 to 0.9 Lf, when 1 to 2 Lf of toxoid was injected. By the way, the avidity of antitoxin of actively immunized guinea pigs was not so high as cornpared with that of antitoxin used for passive immunization.
Therefore, in order to estimate the antitoxin concentration in the region as well as in the serum of these actively immunized guinea pigs, avidity of antitoxin should be takena into consideration.
Thus, K1 of circulating antitoxin of the guinea pigs was determined and the concentration of the tissue antitoxin as well as circulating antitoxin were calculated taking the avidity of antitoxin into consideration.
(Jerne, 1951). The concentration of tissue antitoxin and the circulating anti-toxin immediately before the injection of toxoid were 0.25 u/cc and 1.9 u/cc respectively.
The concentration of tissue antitoxin in the region 30 minutes after the injection of toxoid became nearly 1 unit.
Accordingly, it was confirmed that the neutralizing activity to the toxin injected intracutaneously can be explained by the dosis of antitoxin in the region immediately after the toxin injection.
In short, the accumulation of antitoxin in the region after the toxin injection was observed in actively immunized guinea pigs as well as passively immunized ones with guinea pig antitoxin.
On the other hand, when equine antitoxin was used far passive immunization, such accumulation of antitoxin was not observed.
In each case, the titer of Q.S.T. could be explained by the dosis of antitoxin in the region immediately after the toxin injection.
Accordingly, the difference of neutralization index depending on the property of antitoxin used for immunization would be due to the accumulation of antitoxin in the region.
As described above, guinea pig antitoxin has sensitizing activity, while equine antitoxin has no sensitizing activity.
The accumulation of antitoxin is assumed to be due to the allergic reaction.
Because, it is well known that the increase of capillary permeability is caused by allergic reaction. In this connection the influence of allergic reaction on the accumulation of antitoxin into the region was studied.
As a basic experiment, guinea pigs were injected intravenously with 1 cc of anti-egg albumin rabbit serum and 24 hours later serial dilution of egg albumin, 0.1 cc each, were injected intracutaneously.
As the result of this, it was observed that 1 mg of egg albumin was required to cause Arthus reaction. Then, guinea pigs were injected intravenously with 80 units of labeled equine antitoxin and 1 cc of the anti-egg albumin serum. Twenty four hours later, four intracutaneous injections, 0.1 cc of each mixture containing 0.15 Lf toxoid and 0.01 mg of egg albumin, were made. As shown in Fig. 6 , radioactivity of the region increased by about 4 times 30 minutes after the injection.
In other words, the accumulation of antitoxin into the region was observed even when equine antitoxin was used for immunization, provided that slight allergic reaction occurs by other antigen antibody system. 6. Significance of Allergic Reaction on the Neutralization of Toxin Injected intracutaneously.
As the result of the above experiments, it was assumed that the increase of capillary-permeability due to allergic reaction plays very important role in the neutralization of toxin injected intracutaneously. In this connection, relation between the intensity of permeability and the neutralization index was studied. Namely, guinea pigs were immunized passively with guinea pig antitoxin or equine antitoxin and 24 hours later, 1.5 cc of 0.5 % Evans Blue per kg body weight was injected intravenously. Immediately after, serial dilutions of toxin were injected intracutaneously and Q.S.T. was carried out. When capillary per-AND IMMUNITY, III 357 meability increased, the injected region began to colour within 2 to 3 minutes. The sensitivity of capillary permeability was determined by the colour of injected region 30 minutes after the toxin injection (Benacerraf et al., 1954) . The titer of Q.S.T. was determined 40 hours after the injection. The results were shown in Table 7 . Namely, when guinia pig antitoxin was used for immuniza- Table  7 . Relation between the increase of permeability and neutralization index x toxin injected contained 0.02% egg albumin tion, increase of capillary permeability was always observed and the neutralization index was high even when 1.5 units of antitoxin was used. On the other hand, when equine antitoxin was used, increase of permeability was not observed and the neutralization index was lowest. By the way, when guinea pigs were immunized with equine antitoxin mixed with anti-egg albumin and the mixture of 0.01 mg of egg albumin and serial dilution of test toxin were injected intracutaneously, increase of capillary permeability was observed and the neutralization index was very high.
In general, the neutralization index parallels with the intensity of capillary permeability.
Therefore, it seems that the allergicc reaction plays an important role in the neutralization of toxin injected intracutaneously. DISCUSSION It has hitherto been believed that antitoxic immunity is established by sufficient circulating antitoxin.
In fact, the combination of toxin with antitoxin in the circulation was demonstrated experimentally (Ishizaka, 1952) and the intensity of antitoxic immunity against toxin intravenously or subcutaneously inoculated was explained by the dosis of antitoxin in the circulation (Kurokawa et al., 1954) .
On the contrary, the tolerance of actively immunized guinea pigss to the toxin injected intracutaneously did not parallel with the titer of the circulating antitoxin, but with the concentration of tissue antitoxin (Nakano, 1954; Ishizaka et al., 1955) .
Accordingly, it was assumed that the tissue antitoxin plays an important role in the neutralization of toxin intracutaneously injected.
In this connection, the mechanism of toxin neutralization in the tissues was studied in the present report.
For this purpose, guinea pigs were passively immunized with several kinds of antitoxin and the quantitative Schick test was carried out. From the result, it was proved that the neutralization index was different depending on the passive immunization with guinea pigs antitoxin, the dosis of antitoxin contained in 0.1 g of the skin was only about 5 % of the titer of Q.S.T. As the weight of the skin corresponding to the injection-whealing was 0.2 to 0.3 g, the dosis of antitoxin in the region would be equivalent to 10 to 15% of the toxin which can be neutralized.
On the other hand, when the guinea pigs were immunized with equine antitoxin, the dosis of antitoxin in the region was 50 to 75% of the titer of Q.S.T.
In other words, the tolerance to the toxin injected vintracutaneously can newer be explained by the dosis of antitoxin contained in the injected region when the guinea pig antitoxin was used for immunization.
In this connection, what is interesting is the palalelism between the neutralization index and the sensitizing activity of antitoxin (Table 8) . From this finding, it is conceivable that the allergic reaction has some connection with the high neutralization index. Korugold et al. (1953) reported that the disappearance rate of the antigen is rapid, when Arthus reaction occurs. Then, the disappearance rate of toxin from the region ways pursued in two cases in which the guinea pig antitoxin and the equine antitoxin were used for immunization. In the present experiment, however, the rate of disappearance was not influenced by the species of antitoxin nor the presence of antitoxin in the tissues in the case of passive immunization.
But the Arthus reaction was not observed in these cases.
Even in actively immunized ones, in which the neutralization index was very high and the allergic reaction was observed, the disappearance rate of toxoid was comparable with that observed in normal guinea pigs. Such divergence of the data would be due to the intensity of allergic reaction.
Because, the allergic reaction observed in our experiment was not so severe as compared with the one observed by Korngold et al. (1953) .
Then, the concentration of tissue antitoxin was pursued after the injection of toxoid.
Whereas, it was proved that the tissue antitoxin increased immediately after the injection of toxoid provided that the guinea pigs were immunized actively or passively with guinea pig antitoxin.
On the contrary, when the guinea pigs were immunized with equine antitoxin, the increase of tissue antitoxin in the region never occurred.
In other words, the increase of tissue antitoxin occurs only when the antitoxin having sensitizing activity was used for immunization. It is well known that the increase of the capillary permeability is caused by allergic reaction.
Therefore, it is conceivable that the accumulation of antitoxin in the region would be the result of the increase of a capillary permeability. The increase of permeability was observed in guinea pigs which had been immunized with only 1.4 units/100 g body weight of guinea pig antitoxin.
The increase of capillary permeability paralleled with the neutralization index.
Moreover, when the capillary permeability was increased by the allergic reaction, caused by egg albumin anti-egg albumin system, the neutralization index of passively immunized guinea pig with equine antitoxin became high. From these findings, it is likely that the antitoxin, which flowed into the tissues by allergic reaction, plays an important role in the neutralization of toxin in the tissues.
It has been proved that much antitoxin is required to neutralize the toxin in the susceptible tissues. In this experiment, however, the increase of capillary permeability would be so rapid that the antitoxin from the circulation would be in time to neutralize the toxin before it combines with the tissues.
Friedeman (1947) observed that the effect of antitoxin was strongly enhanced in Schick test of passively immunized rabbit, when the toxin was dissolved in the solution of certain substances other than saline.
For example, histamine as well as nutrient broth has such effect. According to Friedeman, these results were explained by the increase of the capillary permeability to antitoxin with these substances.
Such a state of affairs would be the case in our experiment. Namely, the high neutralization index would be explained by the increase of capillary permeability due to allergic reaction in the region. In short, the significance of tissue antitoxin in Schick test would be as follows. The tissue antitoxin would neutralize a part of toxin injected.
At the same time, But the neutralization index was low when the equine antitoxin, lacking the sensitizing activity, was used for immunization.
3. The disappearance rate of toxin or toxoid from the injected region was independent either on the property of antitoxin or the degree of immunization.
4. The capillary permeability in the skin increases immediately after the intracutaneous injection of the toxin when the guinea pigs had been passively immunized with guinea pig antitoxin or actively immunized.
5. The neutralization index parallels with the increase of capillary permeability.
6. From these findings, the role of tissue antitoxin in Schick test was discussed.
It was assumed that the tissue antitoxin neutralizes a part of toxin injected.
As the result of allergic reaction the capillary permeability increases . The circulating antitoxin flows into the tissues and plays an important role in the neutralization in the tissues.
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